amplitude of the second and third IPSC was depressed of dual recording techniques to monitor activities from to 73% Ϯ 4% and 61% Ϯ 4% of the first, respectively synaptically connected neurons allows the detailed in-(n ϭ 17; Figure 1A1 ; 72% Ϯ 5% and 60% Ϯ 5% for vestigation of the influence exerted by single GABAergic oriens interneurons, n ϭ 10; 73% Ϯ 6% and 62% Ϯ 5% neurons on their postsynaptic targets, and thus a better for radiatum interneurons, n ϭ 7). The second and the understanding of their physiological role. In the hippothird IPSCs were also abolished by bicuculline, indicatcampus, GABA release from single interneurons has ing that these too were entirely GABA A R mediated. 
2A1. An extracellular stimulus was applied at increasing indicating that it was mediated by GABA B R activation.
intensities and the amplitude of the GABA B R-mediated response was plotted against the conductance of the The presence of tiagabine did not significantly change the number of APs in a train (31.8 Ϯ 5.8 before and 31.6 Ϯ preceding GABA A R-mediated component (n ϭ 6). It was apparent that for stimulation intensities resulting in 5.9 during perfusion of tiagabine, p Ͼ 0.75; average frequency, 98.1 Ϯ 10 Hz).
GABA A R-mediated components with a conductance of Ͻ6 nS, no GABA B R-mediated current could be detected Since the half-maximally effective GABA concentration necessary for GABA B R activation is much lower than ( Figure 2A2 ). Considering the conductance range of a unitary IPSC (0.5-6 nS; see above), this corresponds to that for GABA A R activation (Sodickson and Bean, 1996), these results suggest that GABA B Rs are located extraan average input of 1-12 interneurons per pyramidal cell. Since the previous results indicate that postsynaptic synaptically and that their activation is controlled by GABA uptake mechanisms.
GABA B Rs can be activated even in the absence of a GABA A R-dependent connection between interneurons If GABA diffuses out of the synaptic cleft to activate postsynaptic GABA B Rs, it is possible that GABA B Rs on and pyramidal cells, and that the average connectivity in this system is 60% (see above), these results suggest a given cell are also activated by GABA released from terminals impinging on other cells. To directly test this that to elicit detectable GABA B R-mediated currents in the presence of functional GABA uptake a minimum of possibility, dual recordings were obtained in which the interneuron did not contact the pyramidal cell via 2-20 interneurons must be stimulated. Thus, the results obtained with extracellular stimulation are consistent GABA A R synapses, as shown by the lack of a postsynaptic response to APs triggered in the interneuron and the with those obtained with dual recordings.
be no longer than the time it takes for the factor to decay. I measured the charge transfer through GABA B Ractivated conductances elicited by six extracellular stimuli given at frequencies between 100 and 6.25 Hz ( Figure 2B1 ). As shown in Figure 2B2 , the charge transfer decayed with decreasing stimulation frequency with a time constant of about 33 ms. To ensure that the observed decrease in charge transfer was not due to decreased GABA release, GABA A R-mediated IPSCs were evoked with the same stimulation protocol. As shown in Figure 2B2 , the charge transfer through GABA A Rs did not decrease but rather increased with increasing interstimulus interval (ISI), consistent with a recovery from the frequency-dependent depression characteristic of these synapses. Figure 3A2 illustrates The plot in Figure 2A2 shows a supralinear increase the distribution of peak conductances of the IPSC comin the GABA B R-mediated response with increasing ponent of the cycles for seven experiments. The average GABA A R-mediated conductance, suggesting cooperwas 17.2 Ϯ 2 nS, which compared to the unitary IPSC ativity between release sites for the activation of conductance (ranging from 0.5 to 6 nS) corresponds to GABA B Rs. Thus, a factor must be "pooled" to reach the the input of about 3-34 interneurons. Considering that necessary threshold concentration to elicit a GABA B Rthe connectivity between interneurons and pyramidal mediated response. An alternative way to reach the neccells was 60%, these results suggest that during any essary threshold concentration is to "accumulate" the cycle an average of 5-57 interneurons was simultanefactor by repetitive activation of a given set of release ously active. A more direct estimate was achieved by sites. For this factor to be able to accumulate, however, the interval between the activation of release sites must recording the spiking activity of the interneurons in the cell-attached mode, while monitoring the rhythmic activan inward current in pyramidal cells. If, on the other hand, presynaptic GABA B Rs are activated, thus inhibity in either field or pyramidal whole-cell recordings (Figure 3B) . The average probability of firing for an initing glutamate release, then CGP62349 should cause an increase in the amplitude of unitary EPSCs. Both terneuron during a cycle was 0.14 Ϯ 0.04 (n ϭ 9). Since the interneuron population in the CA3 region of a culture possibilities were tested. As shown in Figure 5A1 , after induction of rhythmic activity the pyramidal cell was is 365 Ϯ 71 (n ϭ 11; Figure 3C that any interneuron forming a GABA A R-mediated con- . In other words, either GABA has to be factor is released upon higher stimulation intensities that would enhance GABA B R-mediated responses, this pooled extracellularly or G␤␥ intracellularly. In the present study an experimental approach was used to distinresult suggests a cooperative interaction between GABAergic release sites to produce GABA B R-mediated guish between the two possibilities. For repetitive extracellular stimuli to result in the accumulation of either outward currents. Two mechanisms have been proposed to account for this nonlinearity. According to the GABA or G␤␥, the ISI must be shorter than the decay of GABA or G␤␥ concentrations. Figure 2B2 shows that first proposal, GABA has to be released from several terminals before it can reach the necessary concentrathe charge transfer of GABA B R-mediated responses to six extracellular stimuli is reduced with decreasing stimtion to activate extrasynaptic GABA B Rs (Thompson and  Gä GABA B Rs. Indeed, during rhythmic activity, block of GABA B Rs resulted in an increase in the frequency of the rapid decrease in GABA B R-mediated charge transfer oscillations as well as an inward current in the pyramidal upon prolongation of the ISI could be explained by poolcells, demonstrating their endogenous activation. Furing of G␤␥ only if the cooperativity between G␤␥ and thermore, the decrease in oscillation frequency after GIRK channels is much higher than previously proposed partial block of GABA uptake could be reversed by (Ito et al., 1992) , or if G␤␥ would rapidly diffuse away GABA B R antagonists. The fact that, under such condifrom GIRK channels. This, however, does not seem to be tions, the antagonist did not increase the frequency the case, because the time course of decay of GABA B Rabove control levels was probably due to the residual mediated currents would then be much faster than that action of the GABA uptake inhibition on GABA A R-mediobserved for synaptic (Otis et al., 1993) or pharmacologiated IPSCs. cal stimulation (Sodickson and Bean, 1996) .
Rhythmic Activity
From the experiments presented here, it appears that Thus, this study suggests that, in contrast to fast during rhythmic activity only postsynaptic GABA B Rs GABA A R-mediated synaptic transmission where GABA were activated. Even after partial block of GABA uptake, acts locally at the site of release, GABA B Rs are activated thereby decreasing the frequency of rhythmic activity, more diffusely, by pooling of GABA within the domain of no effect could be detected on the amplitude of unitary a GABAergic axonal plexus formed by multiple neurons, EPSCs upon perfusion of the GABA B R antagonist and may be regarded as sensors of synchronous release CGP62349 (n ϭ 4; data not shown). In addition, perfusion of GABA from this population. It is conceivable that of CGP62349 did not significantly increase the median pooling of GABA may occur between release sites on and mean amplitudes of the inward component of the a single axonal arbor if they are packed densely enough. oscillation (14% Ϯ 5% increase, p Ͼ 0.13, and 12 Ϯ 9% This would explain why the activity of a single inincrease, p Ͼ 0.63, respectively; n ϭ 10). The lack of terneuron was reported to elicit a GABA B R-mediated any detectable presynaptic GABA B R-mediated action response in hippocampal pyramidal cells (Thomson and could be due to a more efficient GABA uptake system Destexhe, 1999). In contrast to my findings, they intersurrounding excitatory terminals or to a spatial segregapret the supralinear increase of GABA B R-mediated responses upon repetitive release of GABA, based on tion between GABAergic release sites active during 
